The damage index, which is the wavelet transform on the deviation of the mean value of curvature modal shape before and after structural damage, is proposed and applied to identify the location of the damage of the structure. The numerical simulation of a damaged cantilever beam shows that the damage presence and its location can be determined by analyzing the variation and distribution of wavelet transform coefficients.
INTRODUCTION
Due to Structure's shortcomings, load and environmental influences, structures tend to subject a different degree of damage after certain service period. Structural damage could reduce the structural safety and durability. Therefore, at present, the technology of detection for structural health is paying more and more attentions. Structural health detection can basically be divided into two kinds of method: based on local or global damage detection [1] . The method of local damage detection is to predict the approximate location of structural damage, then identify structural damage on the position or the surface nearby by analyzing the structure. There are some main methods such as infrared detection, ultrasonic detection and radio image detection. In contrast, the method of global damage detection doesn't need to know the damage location in advance, it obtained structure's frequency-domain information by Fourier analysis and numerical integration, then constructs a variety of damage indicators, such as natural frequency, structural mode, the curvature mode and other indicators. These different damage indicators have varying degrees of effectiveness on structural damage detection. Doebling [2] et al have given a comprehensive summary of these methods.
Structural damage, especially slight damage, is often presented as a local characteristics in high frequency modes. The Fourier transform can't evaluate the damage characteristics effectively because it is difficult to analyze high frequency modes accurately. Reasonable wavelet transform and wavelet packet transform can overcome this obstacle and realize effective analysis of non-steady-state signal in timefrequency domain. Moreover, the information of structural damage hidden in the signal data can also be found out by wavelet analysis while it can't be completed by other signal analysis method. 
WAVELET TRANSFORM
Wavelet transform is a new signal processing tool developed from the Fourier transform in re-cent years. It is also a time-frequency localization analysis method with variable window width and variable shape. The wavelet transform has the high frequency domain resolution and the lower time domain resolution in the low frequency part, and it has higher time domain resolution and lower frequency domain resolution in high frequency part. Therefore, wavelet transform can present a full picture of the signal and analyze the details of the signal, so wavelet transform has the adaptability to the signal and can carry on multi-resolution analysis to the non-stable signal [3] [4] [5] .
The wavelet transform is actually a linear transformation method, each wavelet function has two parameters: the scale factor and translation factor, i.e. factor a and factor b , they are real numbers and a >0 and it is continuous value.
Assuming that ( )
If the function
is considered to be a wavelet mother function, then series of wavelet functions can be generated after using a, b to scale and translate ( )
For any function or signal ( ) ( ) 2 f x L R ∈ ，the wavelet transform corresponding to scale a and position b is given by the following formula:
Formula (2) is a binary function for a and b, it reflects the change speed of ( )
as the standard. When a takes the small scale, the wavelet transforms along the axis of time, and the wavelet transform will give the local information of the analyzed signal, and when a takes the large scale, the wavelet expands along the axis of time, wavelet transform will give the global information of the analyzed signal. This is the basis of structural damage identification method proposed in the paper.
DAMAGE IDENTIFICATION
Although damage is a partial (local) deformation of the structure, it can also be reflected more or less in the whole deformation of the structure. Once the structure is damaged, the structural response near the site of damage will be mutating slightly. Usually, the structural response of these mutations is often difficult to be observed due to its small amount. With the help of wavelet transform, the local signal is amplified by multi-resolution analysis of wavelet transform. Then analyzing and determining the signal mutation by the change of the wavelet transform coefficients and the location of damage also can be identified.
The vibration equation of a beam can be expressed as following formula [6] :
( )
Where M , C , K are the mass, damping and stiffness matrices respectively, X is vertical vibration displacement of the beam and X can be expressed by mode analysis:
Where i ϕ and ( ) i q t are the displacement mode shapes and modal coordinates; Φ is the modal matrix. Substituting formula (4) into (3), the resulting equation is multiplied on the left by T Φ ,and assuming C is a proportional viscous damping, according to the orthogonality of the mode function, a standard motion of equation for single degree of freedom system is given as following fomula:
Where r M is modal mass, r C is modal damping, r K is modal stiffness, r p is modal generalized force. In experimental modal analysis, the structural modal parameters can be obtained by the frequency response function, while it is measured by experiment. Then, the curvature mode shapes are approximately calculated by the central difference method on the basis of displacement mode shapes [7] .
( ) 
Where i is node number, j is modal order, and m is modal truncation order. A so-called mean curvature mode damage factor CDFAMM is obtained by using the deviation of curvature mode shape before and after damage [8] .
Where N is the total number of modes considered, u ϕ′′ is curvature mode of non damage structure， and d ϕ′′ is curvature mode of damage structure. The structural damage is then identified by the change of the wavelet transform coefficients.
Replacing ( ) f x in the formula (2) with the mean curvature mode damage factor before and after structural damage to get the following fomula:
is referred to as the wavelet transform coefficients of mean curvature mode damage factor before and after structural damage.
NUMERICAL SIMULATION
In order to verify the effectiveness of the damage location identification method based on wavelet transform of wavelet coefficients of mean curvature mode damage factor, a numerical simulation of a cantilever beam with intact condition(without damage) and different damage are carried out. 
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/ kg m ρ = and Poisson's ratio value is 0.3. The BEAM3 beam element simulation of ANSYS software is used for the whole numerical process.
The cantilever beam as shown in Figure 1 is divided into 20 equal length elements and the length of each element is 0.025m, the damage value of the beam element is realized by the reduction of EI value of the element bending stiffness, and assuming the element mass is constant, as shown in Figure 2 . Two structural damage conditions are assumed as shown in Table1.The displacement mode shapes of various modes is obtained by the finite element method for modal analysis of the structure. Then the mean curvature mode damage factor of various damage conditions is calculated by the above-mentioned method. Because the bior6.8 [8] wavelet is good at symmetry, is high at the reconstruction precision, and is good at the regularity and vanishing moment, then this wavelet transform coefficients can reflect the local mutation of structural damage signal better. Therefore, the bior6.8 wavelet is most ideal wavelet as the wavelet transform of the average curvature mode damage factor to identify the damage location in the paper. The change and distribution of wavelet transform coefficients are examined and the structural damage location is determined after this transform. Figure 3 shows the three order curvature mode deviation of beam element structure damage in first condition, while figure 4 is for second condition. Figure 5 , 6 is the average curvature mode damage factor in the condition of first and second of the beam element structure. It can be seen from the picture, that peak are also appeared in a number of non-destructive location, so the identification of specified damage location is difficult using average curvature mode damage factor only. In contrast, Figure 7 and 8 are the wavelet coefficients distribution map of average curvature mode damage factor calculated by bior6.8 wavelet, the peak value is more prominent in the damage elements. 
CONCLUSION
In this paper, the curvature mode shapes are calculated by using the central difference of curvature mode firstly, and then the modal curvature deviation and the average curvature mode damage factor before and after damage are calculated. It is found that the damage location can't be well identified only by using these indictors, especially for the structure of multi-damage. To solve these difficulties, a damage index, which is the wavelet transform on the deviation of the mean value of curvature modal shape before and after structural damage, is proposed and applied to identify the location of the damage of the structure. The effectiveness of the method in the identification of the structural damage is verified by the numerical simulation of a damaged cantilever beam.
